INTRODUCTION ANY -ARTICLES have been written
on the subject of cylindrical antennas using the integral equation technique.1-4 Most of them are based upon HallCn's original integral equation for a thin antenna and his iteration method of solving it. Because of an approximation to the kernel of the integral equation, the result obtained has often been criticized.
In the case of a transmitting antenna it is known, however, that the numerical results for the input impedance of the antenna, based upon various iteration procedures, are acceptable provided that the proper order of solution is used. The evidence is partly supported by Schelkunoff's theory of cylindrical antennas: which is based upon an entirely different method, yet his result can also be obtained by a so-called pQ expansion as shown b y H a l l h 6
The purpose of this paper is to examine the problem again, starting with the exact integral equation 
IRE TRANSACTIONS-ANTENXAS AhTD PROPAGATION
This approximation creates certain questions regarding the true significance of this mathematical step and its consequence. 
ZP)
= ( p / t ) l ' ? = 120n ohms.
Denoting the quantity at the left side of (6) by Z i , which corresponds to the input impedance of the antenna, i t can be shown that the value of 2; evaluated using the right member of (6) is stationary with respect t o a small variation of I ( z ) when the latter satisfies (1). This variational method of determining the impedance of a cylindrical antenna was first applied by Starer" to (4). The method is quite distinct from both Hallkn's and Schelkunoff's methods yet it is simple and attractive. In calculating Zi, using the variational formula, one major problem is the proper choice of trial function for I ( z ) . The functions which have been found adequate to use are so far limited to cylindrical antennas," PROC. IRE, vol. 33, ail t
-_
The first trial function was due to Storer, and the latter was suggested by this writer.12 The advantage of using (8) is that the impedance function will be finite for all values of 1 while Storer's function is only good for l<X. In the present work, we can use the same functions as the trial functions.
T o perform the integration, i t is convenient to change a variable and write and I t has been shown'1.12 that when Z>>t(t S 2a) the double integral with respect to z and z' using the functions .
described by (7) or (8) where yll, yE, and yz2 are obtained by substituting Cl for C l E in yll(t), y12(4), and yzz(t). The interesting result of the present analysis is that (13) is the same as the expression previously derived using (4) as the basic equation. The fact that (13) can be derived using this alternative but more logical approach should remove the ambiguity that has often been attached to the approximation in deriving (4). As far as the final result for the input impedance is concerned the variational solution based upon (4) is therefore a good approximate solution of the exact integral equation defined by (1).
One further advantage of the present manipulation lies in the problem of thick antennas. If the condition specifying the characteristics of a thin antenna ]>>a is not satisfied, (4) can not be used. On the other hand, (10) is still valid. The double integration with respect to z and z' can be expressed in terms of generalized sine and cosine integrals. The remaining integration with respect to 4, however, can not be evaluated in a closed form although i t seems feasible to do it numerically. Until some numerical values are compiled, we will not give any detailed discussion.
